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Executive Summary

Introduction

Over the last two years, the Executive and Legidative branches of California government
have stressed the need to revive the stability of the stat€ s electricity and natural gas industry,
re-design the market rules to create a workable and competitive system, and restore an
incentive system for building needed infrastructure. Progress is occurring in severa key
areas, such as ideas to re-designing the market structure, ensuring the adequate availability of
energy resources, managing costs, re-building regulatory certainty, and developing preferred
resource choices. However, further actions are needed to reduce the system’s vulnerability to
risks of adverse shocks from supply-demand imbalances and price volatility.

In 2002, the Legidature passed Senate Bill 1389, which directed the Energy Commission, in
collaboration with other state agencies, to:

Identify historic and current energy trends,
Forecast and analyze potential future energy developments, and
Recommend new policies for current and pressing energy issues facing the state.

Cdlifornia needs a strong and flexible energy infrastructure to meet the unique energy needs
of the state. This infrastructure, when coupled with efficient industry performance rules, will
ensure that consumers receive reliable, reasonably-priced electricity and natural gas that will
promote economic growth, protect public health and safety, and protect the environment.
Achieving these goals is complicated by the interrelationship betweenelectricity and natural
gas markets.

Electricity and Natural Gas Infrastructures are Closely
Linked

California s dectricity and natural gas markets have become closely inter-related as natural
gas has become the fuel of choice for electricity generation The growing electricity
generation demand is, in turn, driving the increasing need for natural gas supplies throughout
Cdlifornia. The role of natural gas inelectricity generation impacts how the natural gas
systemmust be designed and operated.

Natura gas-fired generation has become the technology of preference. Technology
advancements over the past decade have enabled power plants to operate more efficiently at
lower overall cost and better follow load, that is, increase or decrease output as consumer
demand waxes and wanes. Gas-fired generation units can be constructed in many sizes and
located either near load centers or in remote locations close to gas pipelines and transmission
wires. In additionto these advantages, natural gas comes from regions throughout North



America, which is supplied by a gas market that until recently has been considered as
workably competitive.

The inter-related nature of the electricity and natural gas systems also mears that price
fluctuations in the fuels market directly affect electricity costs. Price shocks or shortagesin
one market quickly cross over into the other system. When natural gas-fired generation is
used extensively to serve summer air conditioning needs, then natural gas providers defer
storage injections or even draw down inventories, which are needed to meet next winter's gas
heating demands.

As aresult, natural gas demand now has two peak periods, summer and winter.

These two seasonal peaks challenge the industry’ s ability to ensure areliable supply
throughout the year, but especialy for the winter peak heating demand. As aresult, the
natural gas market has become more volatile with prices increase in both the natural gas and
electricity markets. The price of natural gas and electricity during the winter is also affected
by the storage patterns of merchant power plant operators.

Not only are the electricity and natural gas markets inter-connected, but they reach far
beyond California s border. Both the electricity and natural gas infrastructure have become
increasingly regional in nature. In the case of natura gas, broad national and international
devel opments are being driven by changes in the market and the infrastructure.
Consequently, future decisions to build additional natural gas storage, gas pipeline capacity,
or an LNG terminal somewhere on the West Coast will affect what consumers pay for
electricity. Conversely, other resources can be developed such as renewable generation and
electricity demand reductions; these options can influence the price of natural gas.

Growing Population Increases Energy Demand

In the next decade, Californiawill add five million people to its current population of about
35 million. These five million people will need power and fuel; three-quarters of our
electricity growth and al of our natural gas growth will be driven by the need to serve these
new citizens.

Commercia growth, spurred by the state’s economic expansion, will be the largest user of
incremental electricity. But unless demand side management programs reshape current
patterns of energy use, this commercial growth may be hampered, and Caifornia’s
commercial rates and bills will continue to be far higher than those of businesses in other
western states.

Peak electricity demand rises dramatically in the summer due to air conditioning loads. The
difference in demand between an average summer day and a very hot peak day is 6 percent.
This difference is equivalent to three years average growth in electricity demand. Electricity
use also varies widely over the time-of-day and time-of-year. On atypica day, electricity use
may increase 60 percent from the early morning to the afternoon. On a hot summer day, the
demand increase can be 85 or 90 percent higher in the afternoon.



To meet these changes in demand, the generation system must be extremely flexible and
capable of adding or dropping some facilities quickly to accommodate the wide daily swings,
the high summer peaks, weather variability, and economic growthcycles.

Along with adapting to these shifts in demand, the system must accommodate changesin
consumer habits and the varying availability of generation, pipelines, transmission lines,
storage facilities, and fuel sources. Using risk management tools can help address these
contingencies and create a system designed to achieve safe, reliable, affordable energy
Services.

Electricity and Natural Gas Demand and Supply: 2003 -
2006

Currently, the physical infrastructure is providing reliable electricity, but at higher consumer
prices than in the 1990s. The current capacity levels, in California and the rest of the west,
make the reliable delivery of electricity at stable prices likely during 2004 — 2006.

This outlook helps to ensure that spot market prices remain reasonable and minimizes the
risk from generation additions and retirements will vary widely from our forecasts. With
demand increasing over time, however, this surplus will shrink, leaving ratepayers exposed
to potentially higher prices and an increased risk of supply shortfalls. Actions now are
underway to firm up new resources by the end of 2006.

Through 2006, natural gas supply and pipelines are sufficient to meet California’ s annual
average needs, but that supply will be delivered at higher prices than in the 1990s. Despite
this positive outlook, the system remains vulnerable to seasona price volatility and
difficulties in delivering gas to consumers on the coldest days of the year.

A Portfolio Approach to Meet Risks and Challenges

An integrated infrastructure has to be flexible enough to deal with both favorable and adverse
impacts of risks and uncertainties. The consequences of not planning for adverse conditions
are likely to be shortages, while the consequences of not planning for beneficial conditions
are likely to be pricerelated. As aresult, we place more emphasis on having a system robust
enough to deal with adverse conditions.

Shortage risks include the effects of rotating el ectricity outages or natural gas curtailments.
Price risks include exposure to high near-term or long-term power or gas costs. The factors
contributing to these risks can not be eliminated. The best we can do is to manage the risks—
with the goal of improving California s electricity and natural gas supply had risk
management not been attempted.



During this report process, we examined the risk of high and low economic growth, dry
hydro conditions, high and low gas prices, and extreme summer temperatures. Between 2004
and 2006, these risks are manageable and do not threaten the reliability of the electrical or
natural gas systems, unless unexpectedly large amounts of generation retire before 2006,
when the new investor-owned utility and municipal utility procurements come on-line.

As expressed in the Energy Action Plan, the energy agencies have committed to a*“loading
order” of preferred resource choices and upgrades to the bulk transmission system to reduce
congtraints into local reliability areas. Upgrades to the intra-state connector between northern
and southern California are underway, and studies have commenced on three inter-state
connectors, plus the San Diego and San Francisco local reliability areas. The state is also
committed to streamlining the transmission planning and siting processes, which includes
increasing community participationbecause transmission upgrades impact local areas while
the benefits extend to regional stakeholders.

Post 2006 Supply-Demand Balance: Future Choices

Currently, the power and fuel industry spends over abillion dollars every year on
modernizing and expanding the infrastructure, including demand-side investments. These
investments come in the form of power plants and pipelines, energy efficiency and renewable
technologies, transmission lines, and storage facilities Much of the future infrastructure
projectswill be expensive and will need to operate for the next forty to fifty years. Inusing
an integrated, portfolio assessment, the options can be balanced against the risks, allowing us
to make the best choices.

California now has the time to fashion the basic energy infrastructure in ways that meet
multiple public interests. But without an energy policy that provides sufficient resources,
ratepayers will be exposed to the renewed risk of high prices and outages by 2007. Acquiring
additional resources must begin in 2004, given the time needed in bringing in new generation
and transmission resources ontline or building up demand reductions by changing consumer
investments and behavior.

Environmental Performance

The environmental performance of California s power plants is mixed, with some good news
on air emissions, while some ort going problems remain in areas like water supplies, water
quality, and aguatic habitats.

Cdliforniais turning the corner on power plant emissions. Due to concerted actions by air
regulators, contributions to air inventories from power plants are low on a statewide average
basis; though there are specific communities where the relative contribution is greater. The
retrofit of older units has reduced their total NOx emissions 50 percent between 1996 and
2001. Y e, the power and fuel systems do contribute a larger share of greenhouse gases. In
both cases, further reductions will be needed to meet long-term environmental goals. These



reductions will come from adding demand side management programs and renewabl e energy
to the system, aswell asreplacing older, less efficient facilitieswith modern units.

Reducing greenhouse gases will, in the long-term, help slow the impacts of global climate
change. In the near-term, California s power system will need to adjust to current global
climate impacts, which are evidenced by greater weather variability, hotter days, warmer
winters, smaller Sierra snow packs, additional smog, sea level rise, reduced surface water,
and earlier spring run-offs. In one instance, earlier runoffs mean that less hydropower is
available during a year to help regulate the stability of the electricity system or to serve
summer peak demand.

In terms of water supplies, despite the limited availability of freshwater supplies, many
power plants still rely on fresh water for power plant cooling even though alternatives are
available. As California moves further into the twenty-first century, water supplies will
become increasingly constrained, presenting an issue for California’s future energy needs.

Power plants continue to affect sensitive aguatic ecosystems on the ocean and in sensitive
estuaries. The 21 coastal thermal and nuclear power plants continue to draw water from these
ecosystems, using hundreds of millions of gallons of sea water each day.

Hydropower is often considered a “clean” energy resource, yet it too can adversely affect
California s water quality. River and stream habitats were degraded and no longer support
their former populations of native salmon, trout, or amphibians. Environmental restoration
however, can provide benefits through part of a balanced relicensing review that looks at the
multi-purpose functions of dams.

With diverse ecology, California’ s many endangered wildlife and plant populations are
vulnerable to the impacts from future infrastructure projects Although the effects of one
project on terrestrial habitats may be insignificant, the cumulative impacts from many
infrastructure projects could be significant and will require further investigation.

Policy Areas to Watch

From among the many issues discussed in this report, we highlight the following issues as the
most current and pressing areas to develop policy. Chapter 1 contains a summary of the
findings from which these issues are drawn, and Chapters 2 through 6 contain supporting
analysis. Supporting technical documents and the record of the public proceedings are also
available to provide stakeholders with a fact based understanding of the challenges and
actions necessary to build a sustainable infrastructure.

1. Cdiforniaisin the process of restoring its electricity infrastructure and market. Several
activities are underway that should be completed and then linked to maintain an
integrated portfolio approach.



For electricity, the key processes include the following:
- Forecasting and planning.
Investor-owned utilities and municipal utility procurement.
Demand side management and dynamic pricing proceedings.
Implementing the renewable portfolio standard.
Proceedings on market design.
State and local air district rule- makings and determinations.

. Mesting resource needs requires dependable construction and operation of thermal power
plants, renewable generationand demand side management programs. Uncertainty in
power plant long-term contracts, financing, permitting, and construction, and demand
side management program development, implementation, and impact must be analyzed
and accounted for ahead of time.

The policy preferences of meeting resource needs first through demand side management
and secondly through renewables increases the importance of these programs being
implemented to deliver the resources. As these programs trand ate potential into delivered
resources, performance feedback will establish if there are resource gaps that need to be
filled by other resources, which also require dependable construction and operation. |f
new preferred resources are brought on line more quickly or slower than anticipated, then
short-term thermal options must be adjusted to balance with expected demand. This
report examined uncertainties associated with thermal generation. In the companion
Public Interest Energy Strategies Report, we propose actions to ensure performance of
the preferred resources

. Many older power plants have been retrofit with air emission controls, and we expect
their continued performance through most of this decade. But California has several
marginally performing older units. Whenthese become too costly to compete with new
generation, then these plants will retire because either the power plants use too much gas
or emission levels cannot be reduced. Some of these plants are necessary for local
reliability, and as a consequence, they must be replaced with local resources or upgraded
transmission before they are shut down.

While market forces will lead to these plants retirement, state agencies must monitor
whether sufficient new generation or transmissionadded where it can function as a
substitute.

. Future transmission planning and permitting must ensure that the transmission system is
upgraded while protecting local quality of life.

Although few new bulk transmission lines have been built in the last two decades,
billions of dollars has gone into reinforcing and making maximum use of the current
major connections. Among the obstacles to timely transmission development, the most
commonare related to debates over the need for and benefits of the project, financing
difficulties, and local opposition related to environmental and property value impacts.



Efforts are underway on the part of the Energy Commission, California | ndependent
System Operator, and California Public Utilities Commission to develop acommon
approach to use in the planning and permitting of transmission projects. This approach
would serve to determine the value of proposed projects that may be needed to provide
economic benefits to the state and see that projects are brought on-linein atimely
manner.

5. For the natural gas system, two principal areas of concern are expanding overall supply
and using storage to meet seasonal needs.

Declining output fromseveral gas-producing basins in the “lower 48" states has been
a long-term concern. The state has several supply options to address this concern.
New supply options are available in North America, and some additional gas can be
gathered within Californias borders.

Internationally, liquefied natural gas is becoming an option as it becomes cost-
effective to cool, move, and re-gasify abundant but remote natural gasto load centers.
Liquefied natural gas technology, despite the numerous economic and technol ogical
uncertainties and risks, may to shift natural gas from a continent-wide market to a
world-wide commodity market. Developing shipping access to natural gas producing
basins throughout the Pacific and Indian Oceans has the potential for significantly
enhancing system reliability, price stability, and environmental performance.

Natura gas storage is key to dealing with the seasonal variability needs of end users
and electricity generation. Although there appears to be adequate physical storage,
state agencies and stakeholders have concerns over whether the market for storage is
shifting risksamong various natural gas customers in the residential sector, large
industrial and commercial, and merchant generators.

6. The state’s electrical generation and transmission system affects the natural environmert
and human communities. While there is good news on air emissions from natural gas-
fired power plants, there continue to be serious ongoing impacts to water supplies, water
quality, and aquatic habitats from the state’s current natural gas, nuclear, and hydro
power plants. Impacts to terrestrial ecosystems are well controlled for new power plant
cases under Energy Commission jurisdiction, but the impacts fromextant and new
transmission lines, natural gas pipelines, and non-jurisdictional projects are not as well
understood and long-term impacts remain a concern, which require further investigation.



Chapter 1. Introduction and Findings

Background

California needs a strong and flexible energy infrastructure that will promote reliable and
reasonably-priced energy supplies Coupled with an efficient market design, this
infrastructure will promote economic growth, protect public health and safety, and protect the
environment. Asthe electricity and natural gas systems become increasingly integrated, the
system must be able to absorb supply risks, price shocks, volatility and an evolving role for
consumers in taking greater control of their energy futures.

Senate Bill 1389 (Chapter 568, Statutes of 2002; Bowen) requires the Energy Commissionto
adopt an I ntegrated Energy Policy Report every two years. The first report is due to the
Governor and the Legisiature on November 1, 2003. It must provide an overview of major
energy trends and issues facing California, including supply, demand, price, reliability, and
efficiency. It must assess the impacts of these trends and issues on public health and safety,
the economy, resources, and the environment. Finally, it must make policy recommendations
to the Governor and the Legidature that are based on an in-depth and integrated analysis of
the most current and pressing energy issues facing the State.

Specmcally, the legidation directs that the electricity and natural gas assessment shall:
Assesstrends in electricity and natural gas supply, demand, and wholesale and retall
prices for electricity and natural gas.

Forecast statewide and regional electricity and natural gas demand including annual,
seasonal, and peak demand, and the factors leading to projected demand growth.

Assess the potential impacts of eectricity and natural gas load management efforts,
including end user response to market price signals, to support reliable operations.
Assess the adequacy of electricity and natural gas supplies to meet forecasted demand
growth, natural gas production capability both in and out of state, natural gas interstate
and intrastate pipeline capacity, storage and use, and western regional and California
electricity and transmission system capacity and use.

Assess the potential impacts of electricity and natural gas supply, demand, infrastructure
and resource additions on the electricity and natural gas systems, public health and safety,
the economy, resources, and the environment.

Assess the environmental performance of the electric generation facilities of the state.
Assess short-term and long term performance of electricity and natural gas markets to
determine if they are adequately meeting public interest objectives including: economic
benefits; competitive, low-cost reliable services; customer information and protection,
and environmentally sensitive electricity and natural gas supplies.

Identify impending or potential problems or uncertainties in the electricity and natural gas
markets, potential options and solutions, and recommendations.



The Energy Commission is preparing three reports that will provide the analytical foundation
for potential energy policy recommendations found in the I ntegrated Energy Policy Report:
the Electricity and Natural Gas Assessment Report; the Transportation Fuels,
Technologies and I nfrastructure Assessment; and the Public I nterest Energy Strategies
Report.

The Electricity and Natural Gas Assessment Report provides the findings of expected
energy infrastructure developments ard an analysis of the implications that a number of
important uncertainties may present. The primary goal of the report is to identify key factors
that may stress the energy infrastructure and to determine if there may be a need for
additional development to mitigate potential supply shortfalls in the next decade. Considering
that electricity generation is the largest user of future natural gas demand, the energy
infrastructure study is also focused on the potential stresses to the natural gas fuel system.

Integrated Markets

The eectricity and natural gas markets are closely inter-related. Both exist to serve our
population and economy, so are affected by the same economics, weather, new technologies,
and economic growth But, the advent of natural gas-fired power plants as the dominant new
source of power has linked electricity and natural gas markets even more closely. For
example, a decision on whether to add natural gas storage can affect what consumers pay for
electricity. Conversely, development of renewables generation or electricity demand
reductions can influence the demand for and price of natural gas.

These common markets mean that risks and uncertainties are also linked. We have become
familiar with the short-term price run-ups which happen when hot temperatures drive up air
conditioning use and the demand for natura gas. But there are long-term risks that need to be
evaluated in developing a secure and affordable energy infrastructure These risks include the
natural risks of physica supply, demand growth, temperature and weather variations. They
also include the human aspects of market design, regulatory uncertainty, and social
preferences for how much to mitigate risks.

In this report, we examine the current status and pressing issues which arise from linked
issues in the electricity, and natural gas markets. This includes the conventional grid-
connected electricity market, and new additions including conventional generation,
renewables and energy efficiency.

This Draft Electricity and Natural Gas Assessment Report isthe Energy Commission's
initial report of its response to the Legidature’ s directives. It is organized to follow the
logical flow from description to assessment of trends, risks and policy preferences, to
findings, conclusions and policy recommendations. These electricity and natural gas
assessments address interfuel and intermarket effects to provide a more informed evaluation
of potential tradeoffs when developing energy policy across different markets and systems



Report Development Process

On September 11, 2002, the Energy Commissionopened an informational proceeding
(Docket No. 02-1EP-01) and designated Commissiorer James Boyd, Presiding Member, and
Chairman William Keese, Associate Member to oversee the process. The Committee

was aided by an inter-agency advisory group consisting of members of nine agercies with
energy expertise: the California Public Utilities Commission, California Air Resources
Board, Consumer Power and Conservation Financing Authority, Department of Motor
Vehicles, Department of Transportation (Cal Trans), Department of Water Resources,
California Public Utilities Commission, Office of Ratepayer Advocates, Electricity Oversight
Board, and California Independent System Operator.

The Committee held 13 full day workshops on technical subjects In addition to Energy
Commission staff analysis, the Committee heard from 73 stakeholder groups The inter-
agency parties participated in monthly updates and provided additional comment through
pre-publication review of staff documents.

This assessment is linked to the Public Interest Energy Strategies Report, which examinesin
more detail the potential for and challenges associated with public interest policy
preferences. It is aso supported by a panoply of supporting material providing greater
technical detail. The attachments to this report include:

1. Cdifornia Energy Demand 2003-2013 Forecast - #100-03-002,

2. Naturd Gas Market Assessment - #100-03-006,

3. Comparative Cost of California Central Station Electricity Generation Technologies -
#100-03-001,

4. Aging Natura Gas Power Plantsin California - #700-03-006,

5. Upgrading Californids Electric Transmission System: Issues and Solutions -#100-03-
011,

6. 2003 Environmental Performance Report - #100-03-010,

7. CdiforniaMunicipal Utilities Electricity Price Outlook 2003-2007 - #100-03-005,

8. CdifornialOU Retail Electricity Price Outlook 2003-2013 - #100-03-003,

9. Joint Working Paper on Municipal Utility Resource Adequacy - #100-03-015.

Summary of Findings

A summary of the findings of each chapter follows.
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Chapter 2: Electricity and Natural Gas Demand
Trends

Reliable assessments of the amount, location and timing of demand growth are essentia to
evaluate the options that can best target California’s energy needs.

Electricity Trends, Overall, by Sector, and Per Capita

Between 2003 and 2013, Californiawill add over 5 million people (a 15 percent increase)
and the state economy will grow at double that rate (a 30 percent increase). Given current
trends, approximately 10,000 MW (including reserves) of new generation or demand-
reducing resources will be needed to serve the growth in the state economy.

Electricity growth is dominated by adding new households and new commercia businesses.
Eighty percent of residential energy growth is from adding new homes; only twenty percent
is caused by new end-uses. In the residential sector, average electricity use per household has
increased one-half percent per year, reflecting higher incomes, larger homes, more homes
with air conditioning, and home electronics. This increase in use per household explains only
twenty percent of the 1.9 percent per year growth in the residential sector over the last two
decades; growth in the number of households explains the rest.

In the commercial sector, businesses have increased electricity use per square foot. Three-
fourths of commercial demand growth is due to business expansion — more floor space used
by businesses— and one-fourth of growth reflects greater per unit energy use. In the industrial
sector, improved productivity has led to greater electricity use per employee; the contribution
of the manufacturing to gross state product grew twice as fast as the commercia sector.
While a growing population and economy are the fundamental drivers of energy demand,
how much demand grows is also affected by the types of businesses that are growing,
building and energy efficiency standards and programs, energy prices, and customer
behavior.

California uses electricity more efficiently than do other Western states or the U.S. asa
whole. This legacy of efficiency standards and programs has kept per capita use constant for
many years.

Daily and Seasonal Patterns of Use

Electricity use varies widely over the time-of-day and time-of-year. In atypica day, use
increases 60 percent from the early morning low to the afternoon high. On a hot summer day,
this swing is 85- 90 percent. This variable load requires a generation system that is extremely
flexible.

Peak electricity demand needles up in the summer due to air conditioning loads. The demand
difference between an average summer day and the probability of a 1-in-10 hotter peak day is
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6.1 percent, over three times the amount of new demand added each year. Temperature-
related variation in demand introduces the need for risk management. We know that hot or
cold days are going to happenand have some idea of the frequency of these events, but
cannot predict specific future weather patterns.

Natural Gas Demand Trends

Natural gas end- use growth is dower, increasing at only 0.6 percent per year because there
are not many new uses of natural gas. Furthermore, the energy efficiency of new homes and
gas appliances has improved over the years. Industry is a heavy user of natural gas, but those
industries that use natural gas are not expanding. Growth will be slowest in northern
California due to a weak economy and declining industrial demand, but it will be highest in
San Diego.

The biggest variable in demand forecasts is economic growth We estimate that peak demand
has a 20 to 40 percent chance of being plus or minus 1,700 MW (3 percent) by 2008,
depending on whether the state has high or low economic growth The swing on potential
natural gas useis aso 3 percent by 2008. Energy resources must be able to accommodate
these variations in the business cycle, again calling for avery flexible system. The analysis of
high and low DSM scenarios shows an impact of half the growth impact, not reaching

1,700 MW until 2012.

Chapter 3: Electricity Infrastructure and Markets

California s electricity and natural gas system must supply as much power and fuel as people
demand, at both the immediate moment and location of that demand. The system must
accommodate the wide daily swings, the summer peaks, the variability, and the cyclical
economic growth described in Chapter 2. This complex interaction among consumer habits,
generation, pipelines, transmission lines, storage facilities and fuel sources must be designed
to achieve safe, reliable, affordable energy services.

Gas-fired generation

Gas-fired generation has increased from 25 percent of California’s dectricity resources
twenty years ago to 36 percent of the actual generation used to meet current demand. Under
baseline conditions, the gas-fired generationshare will increase to about 40 percent by 2013.
Since natural gasis now the primary swing fuel, the amount of natural gasthat isused in any
given year depends on the availability of hydropower. Electricity generation from
hydropower resources, including imports, has ranged from a high of 45 percent duringthe
very wet year (1983) to an al time low of 12 percent during the drought in 2001.



Much attention has recently been focused on the age and reliability of the state's gas-fired
power plants. These combustion turbines, combined cycles, cogeneration units and steam
boilers provide awide range of services, including baseload energy, following load through
itsdaily swings, and serving as the source of peak capacity that occur only afew times per
year. Overall the system has become more efficient as new units are added. Of the

54,675 MW of capacity available to California utilities, 9,369 MW have been added since
2000 and 2,356 MW of older units have been retired.

Many of the older plants ill in service can be expected to retire during the remainder of the
decade, largely for economic reasons. Careful maintenance and upgrades over their lifetimes
have extended their service lives, but they will become increasingly unable to compete with
newer plants in the marketplace 13 percent of the state’ s gas-fired capacity (3,873 MW) and
9 percent of its gas-fired energy in 2002 came from plants built before 1960.

2004 -2006 Resource Adequacy

Currently, the physical infrastructure is up to the task, but at higher consumer prices than
those of the 1990s. The current capacity surplus makes the reliable delivery of eectricity at
stable prices likely during 2004 — 2006. This surplus, combined with reduced reliance on the
spot market, facilitates generator participation in the spot market at reasonable prices, and
minimizes the risks associated with uncertain amounts of capacity additiors and retirements.
This surplus will shrink as demand increases, leaving ratepayers exposed to potentialy
higher prices and an increased risk of delivery interruptions.

Choices for the Future

Cadlifornia has the time now to fashion its basic infrastructure in ways that meet multiple
public interests but, in the absence of an energy policy which guarantees resource adequacy,
ratepayers faced the renewed risk of high prices and outages by 2007. Given the lagsin
bringing new generation and transmission resources on line or building up demand
reductions by changing consumer investments and behavior, this acquisition of additional
resources must commence in 2004.

Having the electricity and natural gas infrastructure we want requires us to balance our
exposure to many interrelated risks—simplified by the terms shortage, price and
environmental risks Shortage risks include the effects of rotating electricity outages or
natural gas curtailments. Price risks include exposure to high near-term or long-term power
or gas costs Environmental risks include damaging effects to air quality, water supply and
quality, biological resources, climate, etc. The risks can’t be eliminated. The best we can do
is to manage our exposure to them--with the goal of being better off than if we hadn’t
attempted any risk management.
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Upgrading and Expanding the Transmission System

As expressed in the Energy Action Plan, California has committed itself to upgrading its
bulk transmission system and to reducing constraints in local reliability areas. Upgrades to
the intra-state connector between Northern and Southern California are underway, and
studies have commenced on three inter-state connectors plus the San Diego and San
Francisco local reliability areas. The state is also committed to streamlining its transmission
planning and siting processes. Part of this includes increasing community participation, since
transmission impacts local areas while the benefits extend to regional stakeholders.

Little new bulk transmission has been built in the last two decades, though billions of dollars
have gone into reinforcing and making maximum use of the current magjor connections.
Transmission system planners estimate it takes five to seven years to complete a major
upgrade to the bulk transmission system. Demonstrating need, securing environmental
permits and rights-of-way, securing financing (for private projects), and time requirements
for construction, require that planners anticipate the need for transmission expansion projects
ten years and more before these projects are in service.

In California obstacles to timely transmission development are most commonly related to
debates over project benefits and the need for the project, project financing difficulties and
local opposition related to environmental and property value impacts. Efforts are underway
on the part of the Energy Commission, CA 1SO and CPUC to develop acommon
methodology that would be used in the planning and permitting of transmission projects. This
planning and permitting process would serve to determine the value of proposed projects that
may be needed to provide economic benefits to the state.

Chapter 4: Natural Gas Infrastructure and Markets

Although éectricity generation is only 36 percent of total natural gas use today, it accounts
for sixty percent of the next decade’ s growth. Natural gas end-use growth is dlower than
electricity demand trends, increasing only 0.6 percent per year since there are not many new
uses of natural gas Furthermore, the efficiency of homes and gas appliances has increased to
reduce the overall rate of demand growth Electricity generation demand for natura gasis
driving the growth in natural gas demand in California and the rest of the United States.

Over the past three years, pipeline expansions and additions have made pipeline capacity
sufficient to serve California s need through 2006. Beyond this date, annual average capacity
is adequate, but peak day conditions could warrant further expansion. The natural gas
pipeline market is working and the market design is highly likely to deliver additional cost-
effective pipelines, once electricity generation contracts for natural gas are established.

Increasing gas demand in Arizona and New Mexico may absorb a significant amount of the

natural gas flowing west from the San Juan and Permian basins. These markets can consume
asignificant amount of the supply that would otherwise serve Southern California.

14



Expanding the interstate infrastructure serving the East-of-California markets can aleviate
this potential.

Despite the favorable supply outlook, the natural gas system is vulnerable over the course of
ayear. This vulnerability exists because summer-peaking power plants are increasingly using
gas during the time the firms store gas for the winter heating peak season. Recent years have
shown that natural gas demand peaks not only in winter, but aso in summer due to
increasing gas-fired power generation. These two seasona peaks challenge the industry in its
ability to ensure areliable supply picture throughout the year. Regulators and the industry
need to determine how storage capacity can be utilized to achieve the desired supply
reliability.

The problem of how much natural gas to store is compounded by the market design issue of
who should store. Natural gas is bought by three sets of users — utilities on behalf of end-use
customers, electricity merchant generators, and unregulated large end-users that buy their
own gas. Utility planning allows for meeting all core consumption during the coldest
temperature-day on record assuming that the noncore customers would be curtailed. If
merchant generators mismanage their gas supplies, curtailment would harm core customers
who need electricity to operate gas heaters.

Chapter 5: Efficiency, Retail Prices and
Environmental Performance

Efficiency

We can minimize the resources needed to provide usable erergy for consumers through three
principal techniques: energy-efficient end uses and behaviors that reduce the need for power
in the first place, using renewable resources instead of depletable resources, and making the
remaining system more efficient. California already has an enviable track record compared to
the rest of the U.S. on both how little power we use while supporting economic and
population growth, and the lower environmental impacts of the built system. These trends
can be extended through the policies supported in this Report.

The future trend for per capita annual electric energy consumption and peak demand can be
held flat with savings achieved from DSM programs funded by the current level of the Public
Goods Charge surcharge. An approximate doubling of DSM funding can cause a downward
turn in the future trends for per capita electric energy and peak demand to 3 percent lower per
person in 2013. Natural gas DSM programs funded by the current level of the PGC surcharge
are expected to steadily reduce per capita natural gas consumption over the next decade.
Additiona funding for natural gas DSM programs could reduce per capita natural gas
consumption even more.
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Between 1990 and 2001, there was little change in the electricity system’s overall efficiency.
But, with the addition of about 9,300 MW of very efficient gas-fired generationin the last
few years, the average has begun to drop from 8,800 Btu/kWh in 2001 towards a forecasted
8,200 Btw/kWh in 2004. Adding the renewables called for in the Renewable Portfolio
Standard will improve the system'’s efficiency further.

Retail Rates

Prices paid by consumers are projected to drop between 2003 and 2007, with the biggest
decreases coming in the commercia and industrial sectors.

California s electricity consumers currently face considerably higher rates than consumersin
other Western states. Residential, commercial, and industrial consumers currently pay as
much as 53, 110 and 117 percent more in electricity rates in Californiathan similar
consumers in other Western states Although this trend will likely decline in 2004, rates
could still be 37, 58 and 47 percent higher for California’s residential, commercial, and
industrial users.

Residential consumers in California use much less electricity than their counterparts in other
western states. Consequently, electricity bills for California s residential consumers are
comparable to bills for similar consumers in other states even though their rates are

53 percent higher. Next year, aresidential consumer in Californiawill pay lower electricity
billsthan his counterpart in other states.

Cdifornia s commercia consumers, on the other hand, pay more than double in rates and
bills than ssimilar consumers in other states. Although the trend declines next year, the burden
for commercia customers remains high. Californiaindustrial consumers fare relatively better
than commercial customers. Current electricity billsfor California industrial customers are
approximately 67 percent higher than customers of other Western states. These bills could
decline to be only 13 percent higher next year.

Environmental Performance

All parts of the state's electrical generation and transmission system affect the natural
environment and human communities. While there is good news on air emissions from
natural gas-fired power plants due to declining emission rates, there continue to be serious
ongoing impacts to water supplies, water quality and aquatic habitats from the current fleet of
natural gas, nuclear and hydro power plants. Impacts to terrestrial ecosystems are well
controlled for new power plant cases under Energy Commission jurisdiction, but impacts
caused by extant and new transmission lines, natural gas pipelines and nonjurisdictional
projects are not as well understood and long-term impacts remain a concern and require
further investigation.
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Air Quality and Global Climate Change

For many years, air quality has been the focus of environmental attention for the power
supply system Dueto air quality regulations and new technologies, the system is quite clean
and on a positive trgjectory towards further reductions in most areas of the state. California’'s
reliance on in-state generation from natural gas, the cleanest of the available fossil fuels,
benefits the state’ s air quality. Statewide, combustion-fired electric generation comprises

3 percent of the state’ s average daily inventories of NOy, 0.47 percent of PM10 and

16 percent of the CO, inventory. Between 1996 and 2002, the generation emissions and
emission percentages stayed relatively flat.

The older combined cycles have been cleaned up. Implementation of the NOyx emissions
control retrofit rules for utility boilers over the last decade has resulted in 80 to 90 percent
reductionsin NOy emission rates per MWh from these facilities Over 85 percent of
California combustion-fired generation uses some form of NOy emission controls. Nearly
21,000 MW, or 60 percent, use selective catalytic reduction for NOy emission control.

While emissions from power plants in California have improved with cleaner new
technologies and tougher air quality rules, air quality levels continue to be poor. Further
reductions will be needed from all sectors, including the power system. throughout the state.
Improvements are most likely to come from technological advances in emissions control,
efficiency improvements and by decreasing reliance on combustion-fired generation through
reduced demand or increased use of nonfired electricity sources. The Air Resources Board
isinvestigating whether additional controls on combustion turbines are warranted. These
rules will result in retrofit for some units and retirement for others. Agency coordination and
research will be critical components to timely and cost-effective advances.

Reductions in residual air emissions (those emissions permitted to occur by environmental
regulators) or conservation of natural resources used in energy production and consumption
may come from awide variety of measures. They include:

Deploying cost-effective energy efficiency measures, which can avoid an environmental
effect);

Conducting energy research that may result in devel oping beneficial technological
advances in energy use, conversion, production or transmissionthrough continuing
energy research;

Decreasing reliance on combustionfired generation through reduced consumer demands
(especially peak); and
Increasing use of renewable or more efficient electricity sources.

These actions will also reduce greenhouse gas emissions. California's global climate change

strategy must deal with the near-term consequences of existing levels of greenhouse gases
while we embark on a path to reduce future impacts.
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Water, Biology, and Other Environmental Issues

The impacts on water supply, water quality, and biological resources from new and existing
generating facilities are a'so important elements of the power system's impact on the human
and natural environment. Since most of these impacts are localized, for new facilitiesthey
can be mitigated in siting cases. Mitigation is an integral part of the cost of new supply, just
as much as the cost of a new pipeline or transmission connector.

Power plants use a very small portion of the overall water supply, but like air quality, the
impact can be significant in strained resource basins. In new or repowered thermal
generation, alternatives to fresh water cooling need to be investigated for local impacts and
cost-effectiveness. These impacts include both water use and water quality impacts on
surface water bodies, groundwater and land from waste water discharge. For hydroelectric
facilities, the primary impacts are on stream flow, water temperature, dissolved oxygen,
water management and fish passage. |mprovements need to be investigated as part of a
balanced relicensing process at FERC.

The biological impacts of new power plants are mitigated as part of the licensing process and
can be minimized by building facilities on previowsly disturbed lands. Serious impacts to
aguatic ecosystems on the ocean and in sensitive estuaries are continuing at 21 power plant
sites where once-through cooling systems use hundreds of millions of gallons of sea water
each day. Opportunities to reduce or mitigate these impacts need to be evauated in

individual repowering cases. Pending federal regulations under the Clean Water Act for these
cooling systems may provide further opportunities to mitigate impacts from existing
facilities. The two primary areas of emerging concern are habitat disruption from
transmission lines and facilities with large land areas such as transmission lines, gas pipelines
and wind farms,

Land use, socioeconomic impacts and environmental justice are more closely tied to
urbanized areas. In rapidly growing urban areas, energy infrastructure development and
repowering often occurs very close to sensitive community resources such as new residential
areas, schools, and recreation areas. These local quality of life issues must be addressed.

Chapter 6: Integrated Electricity and Natural Gas
Risks

California s electricity and natural gas markets are closely inter-related. The dominant new
sources of electrical power are combustion turbines and combined cycle plants fueled by
natural gas. In the past decade, efficiency improvements in new gas-fired combined cycle
power plants made this technology the most attractive option in terms of overall cost, load-
following flexibility and ease of meeting emissions requirements.

Electricity generation demand for natural gas is driving the growth in natural gas demand
throughout the United States and in California. Consequently, decisions about building
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additional natural gas storage, gas pipeline capacity, or an LNG terminal somewhere on the
West Coast will affect what consumers pay for electricity. Conversely, devel opment of
renewable generation and electricity demand reductions can influence the demand for and
price of natural gas. These common markets mean that uncertainties and risks are also linked.

California s fundamental energy problem stems from the short-term inflexibility of both
energy supplies and demand. This constrains the energy market’s ability to respond quickly
to adverse shocks to the system These shocks are not precisely predictable or knowable.
They can only be forecasted in a probabilistic sense. These risk factors, however, can be
subjected to better identification, assessment and analysis. More rigorous and robust
analytical work requires reliable data inputs that can only be provided by greater
transparency of market transactions, better monitoring, and improved reporting requirements.

Natural Gas Supply and Availability Risks

In both the near-term and the long-term, supplies of natural gas will be more costly than the
tenyear historic average in the 1990s. The dynamic, competitive natural gas markets will
continue to exhibit variation in price over time, primarily in response to supply, demand, and
regulatory factors. There is always arisk of unpredictable price volatility, though a repeat of
the past three years is not expected.

For natural gas, one challenge is to determine how the infrastructure should be designed to
avoid involuntary curtailment of any customer. The problem of how much to store natural
gas is compounded by the market design issue of who should store, and who should have the
obligation.

Declining output from several producing basinsin the “lower 48" statesis along-term
concern. There are new supply options within North America, and some additional gas can
be gathered within California’s borders. Internationally, liquefied natural gas isbecoming an
optionas it becomes cost-effective to cool, move and re-gasify abundant but remote natural
gasto load centers. LNG technology, with numerous economic and technological
uncertainties and risks, has the promise to shift retural gas from a continent-wide market to a
world-wide commodity market. Developing shipping access to natural gas producing basins
throughout the Pacific and Indian oceans has the potential for significantly enhancing system
reliability, price stability, and environmental performance.

Resource Adequacy Concerns

The state is re-establishing requirements on utilities and energy service providers to ensure
that they have procured enough resources to meet their loads. This, coupled with arevitalized
market design administered by CA 1SO and municipal utility control areas, will stabilize the
entry and exit of cost-effective resources. For the three major I0Us, the CPUC is formulating
aresource adequacy requirement that may also include a planning reserve margin for direct
access load in their service territories. Resource adequacy for individual municipal utilitiesis
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being addressed by their elected governing boards. While a clear path has been developed for
investor-owned utilities and municipal utilities, it is not yet clear whether the CPUC can
enforce requirements for direct access providers.

Credit and Finance Concerns

While the major |OUs are returning to more creditworthy status, financial difficulties and
uncertainties continue to affect merchant plant builders. Wholesale el ectricity prices, in both
the bilateral contract and open spot markets, are expected to remain flat or depressed through
2004. The major risk for reliability and price stability, for 2007 and beyond, is that markets
will not send price signals to creditworthy builders by 2005 in time to build new capacity
where it is needed. Building new transmission to serve local and regional capacity deficitsis
not a short-term option, because these projects require as much as 10 years.

Hydro Risk Exposure

Hydroelectricity can provide aslittle as 12 percent to as much as 45 percent of California’'s
annual electrical energy. A dry year isarisk every year, astatistical probability. But its
likelihood for any one year becomes known just three months before the peak demand
season—too late to secure alternative supplies. The “swing fuel” is natural gas. In adry year,
gas-fired facilities must be available to provide both energy and capacity to meet peak
summer demand. When water is abundant, hydroelectricity provides an important source of
energy and ancillary services. Hydro is“clean”, without emissions at the power plants, and
with very low fixed and variable O&M costs. Many hydro facilities are multi- purpose;
providing flood control, water supply, recreation, and other benefits.

On the debit ledger, impounding and diverting structures that include hydro turbines have
significantly altered most watersheds. This includes changes to the hydrograph, diminished
bedload transport, and reduced biological carrying capacity of native species. The negative
effects of dams with generating facilities are in addition to decades of cumulative effects
from other sources, including mining, forestry, farming, fishing, water development, and
habitat conversion. As aresult of these developments, the risk of extinctions has increased
for severa populations, as noted in the 2003 Environmental Performance Report (EPR).
The challenge here is to identify operational and structural changes to federally-licensed
facilities as they come up for renewal, changes that could appreciably benefit anadromous
fish, for example, without appreciably raising ratepayer costs

Fuel Diversity Benefits
Flexibility of energy supply can be increased by developing a diverse mix of fuel sources and

generation technologies, and by increasing the efficiency with which energy is used. Even
with their much improved efficiency, the share of generation that is gas-fired is expected to



increase. Fuel diversity and efficiercy public interest strategies can yield substantial benefits
to the public.
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Chapter 2: Electricity and Natural Gas
Demand Trends Assessment

Reliable assessments of the amount, location and timing of demand growth are essentia to
system operators and policy makers to assess future infrastructure needs and evaluate
resource options. This chapter presents the electricity and natural gas demand forecasts and
scenarios prepared by the Energy Commission staff and discusses major uncertainties of
those forecasts. More detail on the demand forecast methods and results are presented in
Attachment 1, California Energy Demand 2003 — 2013 Forecast, P100-03-002.

California Electricity Demand: Recent Trends and
Drivers

While California has more than half (55 percent) of the population in the Western U.S., we
use only about forty percent of the electricity. In California, improvements in how efficiently
we use electricity have largely offset growth, so that per capita use has grown only very
dowly. As Figure 2-1 shows, since the initiation of energy efficiency standards and
programs in the mid-1970s, per capita use has been essentially constant, while U.S. and
western use has increased. The shaded bars show the effect of economic conditions on usage.
Since 1976, per capita use declined on average by two percent during recessions (the shaded
barsin Figure 2-1), while in nonrecession years use typically increased by one half of one
percent. Only asmall fraction of this variation is explained by weather. In the baseline
demand forecast, discussed later in this chapter, this trend of relatively constant use per
capitais projected to continue.

Figure 2-2 shows key drivers for the three largest energy-using sectors, residential,
commercia and industrial. While population growth, which drives residential energy growth,
has been relatively stable, employment growth is more cyclical. In the late 1990s,
commercia employment grew almost twice as fast as population (2.8 percent versus

1.4 percent). The growth in the commercia sector, much if it in business, computer, and
financial services, increased demand for and use of office space. This rapid growth in the
commercial sector is forecasted to continue, with three million new jobs created by 2013.

By contrast, manufacturing enployment has still never returned to the two million jobsin
place before the 1990 recession, although the technology boom turned the job losses of the
early 1990s to moderate growth. As with the U.S. in general, manufacturing has been shifting
abroad. Industrial employment is forecasted to grow at 0.7 percent over the next decade. The
value of products shipped grows at less than 3 percent annually over the next ten years,
compared to over 5 percent in the 1990s. Within the state, employment and population are
expected to grow fastest in the Sacramento and San Diego areas.



Figure 2-1
Total Electricity Use
KWh per Capita, 1960-2001
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Figure 2-2
California Population and Employment Growth
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While a growing population and economy are the fundamental drivers of energy demand,
how much demand grows is also affected by the types of businesses that are growing,
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building and energy efficiency standards and programs, energy prices, and customer
behavior. Figure 2-3 illustrates usage trendsfor each of the mgjor customer sectors, indexed
to 1990. In the residential sector, average electricity use per household has increased one-half
percent per year, reflecting higher incomes, larger homes, more homes withair conditioning,
and home electronics. This increase in use per household explains only twenty percent of the
1.9 percent per year growth in the residentia sector over the last two decades; growth in the
number of households explains the rest.

In the commercial sector, businesses have increased electricity use per square foot. Three-
fourths of commercial demand growth is due to business expansion — more floor space used
by businesses— and one-fourth of growth reflects greater per unit energy use. In the industrial
sector, improved productivity has led to greater electricity use per employee; even while
employment was stagnant, the contribution of the manufacturing sector to gross state product
grew twice as fast as the commercia sector.

Figure 2-3
Electricity Utilization Rates by Sector
1990=100

120

115

110
-

105 / ~
/r/__/ \
. -~

100 — el -

95

20 T T T T T T T T T T T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Industrial Use per Job =& ' Commercial Use per square foot
—&— Residential Use per Household

Figure 2-3 a'so shows the effect of the 2001 energy crisis by sector: usage per household
declined by 6.5 percent, commercia by 5 percent, and industrial by 2.2 percent. While these
measures are imprecise indicators of utilization, they are roughly consistent with the Energy
Commission sanalysis of CA 1SO data which estimated that westher- and economic-

adj usted demand dropped by 6.5 percent in 2001. Most, if not al, of the declinein the
industrial sector can be explained as a response to weak economic conditions and higher
electricity rates. Theresidential and commercia decline reflects both investment in energy
efficiency and behavioral changes. In the forecast, these usage rates return to an increasing
trend.
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Electricity rates influence how much electricity businesses and homes use. Rates, 